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Detailed report 

1. Nameof utility idea 

Manufacturing method for a color^ zirconia sintered body 

2. Sphere of patient request 
(Claim 1) 

Claim 1 is concerning a manufacturing method for a colored zirepnia sintered 
body which has the foUov^ng characteristic. A molded zirconia body is immersed in an 
acid solution where a metal for coloring has been dissolved, and the metal for coloring is 
impregnated in the zirconia molded body, then this is sintered. 

3. Detailed explanation of the invention 
(Field of industrial use) 

This invention is concerning a manufacturing method for a colored zirconia 
sintered body which suitable for surface materials such aS kitchen counters, tables; clock 
faces, or reinforcements for various sports products such as golf spikes, ski tops, etc. It is 
a method of obtaining excellent mechanical and physical properties wiith unifonm color 
by an easy and inexpensive method. 



(Prior art) 



In general, colored sintered zirconia parts have been manufactured by the 
following method. A coloring agent which consists of metal oxide such as chromium 
oxide (Cr203), nickel oxide (NiO), cobalt oxide (CoO), or vanadium oxide (V20S) is 
added to zirconia in accordance with the desired color. After the oxide is mixed in^ it is 
sintered (Japan patpnt No. S 59-105055, No. S 62-59571), 

(Problem that this invention tries to solve) 

However, according to this method, since the coefficient of thermal expansion or 
the elastic constant of the metal oxide which is used as coloring agent is different from 
that of zirconia, residual stress or thermal stress is produced at the interface between the 
zirconia particles and metal oxide during sintering. Therefore, voids or cracks are 
generated inside the crystal of colored zirconia sintered bodyi It lacks toughness or 
corrosion resistance or it loses strength. In addition, since metal oxide powder is added 
and mixed with the zirconia powder^.it is difficult to attain uniform dispersion, and it 
becomes a factor for uneven color. 

The object of this invention is to offer a manufacturing method for a colored 
zirconia sintered body which solves such problems and maintains mechanical and 
physical characteristics such as toughness or corrosion resistance. A variety of uniform 
colors are attained easily and inexpensively. 

(Step for solution) 

In this invention, the zirconia molded body is immersed in an acid solution where 
metal for coloring has been dissolved^ and the metal for coloring is impregnated in the 
zirconia molded body. Then it is sintered. 

(Function) 

By inunersing the zirconia molded body jn:an acid solution where rnetal for 
coloring has been dissolved* the metal for coloriiig can be impregnated uniformly and 
reliably. It is possible to acquire a colored zirconia sintered body without uneven color. 
If die metal for coloring is impregnated using this method, a sintered body with a low 
void ratio inside the crystal can be acquired. Physical characteristics such as strength or 
con-osion resistance are excellent. AlsofQCording to. this invention,. the work is simple 
and cost can be kept low. 

In the following, this invention is going to be explained in detail. 

First, a zirconia molded body is prepared. Specifically; stabilizers, sintering 
agents, etc., are added to zirconium oxide (Zr02, zirconia) powder if necessary, and they 
are mixed to form a mixed powder starting material. Next, this, mixed powder is used to 
fill a riietal mold, and a zirconia molded body is acquired by applying pressure; The 
zirconia powder should have a 0.2 to 0.3 ^m panicle. diameter. A good stabilizer is 
yttrium oxide (Y203), and 2 to 4 mol % is added to the zirconia. 2 to 10 wt. % 
aluminum oxide (A1203) may be added as a sintering assistance agent. The molding 
process for the zirconia molded body can use pressures of 100 to 300 MPaby 
conventional method.s that lise a metal mold. Usually, it is a molded sheet. However, 
you can use a doctor blade method, etc. 

Meanwhile, an acid soliition for the metal for coloring is also prepared. The metal 
is selected depending on the desired color. It is possible to use nickel (Ni, pale green), 



vanadium (V, yellovy), chromium (Cr, pmk), ciDbalt (Co. blue), etc. These raetals should 
be made into powder with 10 to 100 particle diameter by mechanical means to 
enhance solubility. It is better to use a product with higher purity if possible. The acid 
solvent which dissolves the metal powder may be a solvent made of a strong acid such as 
concentrated hydrochloric acid, concentrated sulfuric acid, concentrated nitric acid and 
water. The ratio of acid and water and the concentration of metal powder in the acid 
solution is not speciflcally restricted as long as the metal powder can be dissolved 
completely. However, from the point of view of soJution viscosity, workability, and 
impregnation efBciency, it is more cdftvenient to follow these steps. First, metal powder 
is dissolved by adding a mixed solvent with high acid concentration to metal powder 
gradually. After it is completely dissolved, pure water is added and it is diluteid. A 
solution with 0.05 to 10 wt. % metal is made; 

In addition to acid solutions of metal powder, you can use salt wat^r solutions 
such as nitrates or chlorides of these metals. 

Next, the zirconia molded body is impregnated using this metal solution. When 
the metal is immiersed, pressure should be reduced to promote* impregnation oif the metal. 
Specifically, the molded body is put into an autoclave. After impregnation is done for 10 
to 30 minutes at approximately 10'^ Torr, it is returned to normal pressure. 

After thi.s impregnation treatment, the molded body is sintered for 1 to 4 hours at 
approximately 1400 to 1600°C, and the desired sintered body is acquired. Sintering can 
be done by heating only. However, .if you sinter the.part by applying pressure while 
heating such as hot pressing or HIP (hot isdstaitic pressing)^ sintering is completed at a 
lower temperature. In addition, the ratio of voids in the sintered body becomes even 
lower. It is possible to acquire a dense sintered body with small panicles and high 
strength. 

In addition, depending onjhe application, it is possible 'to use a hot isostatic 
pressing method to reduce the void ratio in the molded body even more, strengthen 
bonding between particles, and improve mechanical, strength. H6w]ever, since this Hot 
isostatic pressing method is admirilstered in an inert :atniidsphefe such as arg<on gas, etc., 
the acquired sintered body changes to black. 

Accordingly, aftier this hot isostatic pre.ssing, the part shSuld be annealed in fin 
oxide atmosphere to remove residual stress inside the crystal and: improve strength. At 
the same time, the part which has been discolored by hot isostatic pressing is reiurned to 
the original color. A brightly colored sintered body can be acquired; 

According to this method, it is possible, to acquire a colored zirconia sintered body 
with uriifprm bright color without reducing mechanical arid physical properties; With this 
method^ the zirconia sintered body can be manufactured inexpensively by an easy 
method. 

In the fbl lowing, this invention is going to be explained in more detail using 
examples of practice. 

Example of practice 
(Example of practice 1 ) 

Zirconia powder contained 3 mol % of a yttrium oxide (V203) stabilizer. 4 wt. % 
of aluminuni oxide (Y203) was added as a sintering agent. This mixed powder was used 
to rtinld 5 mm thick sheet acquired after applying 200 MPa pressure in a metal mold. 



Meanwhile, a solvent containing 10 g of Ni metal (purity: 99.99 %) was weighed. 
Next, 50 ml of concentrated hydrochloric acid and 50 ml of pure water was added 
gradually, and rhey were dissolved. After the mixed powder was completely dissolved, 
this original liquid (concentration: 10 wt. %) was diluted by pure water, and its 
concentration was set to 0.25 wt. %. 

A zirconia molded body which had been prepared beforehand was immersed in 
this acid solution. The metal was impregnated by a reduced pressure method. It should 
be dried for 30 minutes at normal pressure and at 1 OO^'C to adjust the color without 
changing the concentration of metal Ni. 

After this impregnation treatment, sintering was done for 2 hours at 1500'^C undjer 
gas atmosphere, and the sintered.body of example of practice 1 was acquired.. 

(Examples of practice 2 to 4) 

The same procedures as example of practice 1 were followed, except that 
vanadium ( V), chromium (Cr), and cobalt (Co) were used instead of nickel, and a 
sintisred body was acquired. These sarnples were adopted as example of practice 2, 
example of practice 3, and example of practice 4. 

(Example of practice S) 

The sintered body acquired in example of practice 1 was also heated and pressed 
by a hot isqstatic pressing method under a?gon atmosphere, 145Q.**C temperature, and 150 
MPa pressure. This was adopted to example of practice 5. 

(Example of practice 6) 

The sintered body of example of practice 5 was also annealed for I hour at 
I i60**C under oxygen atmosphere. 

(Example of comparison 1) 

The zirconia molded body used in example of practice 1 was not colored, but it 
was sintered to fbrra ihe sintered body of example of compiarison 1. 

(Example of comparison 2) 

Nickel oxide (NiO) .was used as a coloring agent. After this was^added and mixed 
with zirconia powder, it was molded and sintered, and the sintered body of exaniple of 
comparison 2 was acquired. 

(Test example) 

The Sintered bodies of thie examples of practice and examples of comparison 
above were observed for color tone visuailly. Vicker's hardness, bending strength, 
toughness, and void ratios were measured. Results are shown in table 1 . 
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As is obvious from table 1 above, the examples of practice manufactured 
according to the method of this irivention formed sintered bodies with imiforra, vivid 
color without reducing Vicker*s hardnesSi bending^suengthj or toughness compared to 
example of comparison 1 where coloring was not done. Especially; in exaniple of 
practice 5 where hot isostatic pressing was done after sintering and example of practice 6 
where an annealing process was done, the void rate was lowered, and Vicker's hardness 
and bending strength were improved. Sintered bodies with better characteristics was 
acquired. Gdmpjired to this, the sintered body of example of comparison 2 manufactured 
by a method of the prior art showed uneven color, and a uniform color tone was not 
acquired. 

(Effects of this inyerition) 

Tn the manufacturing; method for a.colored zirconia sintered .body of this 
invention, the zirconia molded body is iminersed in an acid solution containing;;a rhetal 
for coloring j and the metal for coloring is impregnated in. the zirconiarniolded budy and It 
is^ .-wintered. Therefore, without reducing mechahical and physical properties such as 
strength and corrosion resistance, a colored zirconia sintered body with uniform, vivid 
color can be acquired. This method is also inexpensive and simple- 
Applicant: Yamaha K.K. 
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